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(54) [Title of the Invention] Silicone Resin and Composition Obtained Using Same 

(57) [Summary] 

[Object] To provide a silicone resin that has coating properties and possesses better 
curing characteristics and post-curing heat stability than in the past. Also, to provide a 
composition obtained using this resin and aimed at making the resin even more useful. 



[Composition! A silicone resin, composed of a copolymer (silanol content: 60 mol%; 
weight-average molecular weight: 26,000; specific dispersion: 1.8) and containing at least 
two types of monomer units selected from the monomer units expressed by Formulas 1 , 
2, and 3 below. A composition, comprising 0.1 g of triphenylsulfonium trifluoromethane 
sulfonate and 1 g of the resin (silanol content: 30 mol%; weight-average molecular 
weight: 12,000; specific dispersion: 1.4). 

[Chemical Formula 1 ] 

CO $<>h C2> O) 
OH OH 6C(CH& 



[Claims] 

[Claim 1] A silicone resin, characterized by being composed of a copolymer having at 
least two types of monomer units selected from the monomer units expressed by 
Formulas 1, 2, and 3 below (where R is a tertiary alkyl group, 1-alkyl phenethyl group, or 
1,1-dialkyl phenethyl group, and the silanol content is 10-90 mol%). 

[Chemical Formula 1] 

OR OH 9* 

~*t^~ 

(1) (2) (3) 



[Claim 2J A silicone resin, characterized by being composed of a copolymer whose 
monomer units are expressed by Formulas a and p below (where R is a tertiary alkyl 
group, 1-alkyl phenethyl group, or Ll-dialkyl phenethyl group, and the silanol content is 
10-90 mol%). 



(Chemical Formula 2] 



-fROSio^-)- 



Ccc) 



(0) 



{Claim 3] A silicone resin composition, characterized by containing a silicone resin as 
defined in Claim 1 or 2 and an oxygen-producing agent that decomposes and generates 
oxygen when exposed to radiation. 

[Detailed Description of the Invention] 



[Technological Field of the Invention] The present invention relates to a silicone resin 
that may, for example, be used as a resist, etching mask, insulating film, molding 
material, or other component in the fabrication of semiconductor devices, and to a 
composition obtained using this resin. 



[Prior Art] Silicone resins are well known for their use in various industrial fields. In the 
field of semiconductors, for example, studies are being conducted concerning the use of 
silicone resins instead of inorganic S1O2 films for the insulating films of solid elements or 
the structural materials of passivation films. This is because silicone resins are superior 
to the Si0 2 films formed by CVD or the like in terms of step coverage and the like. 
Silicone resins are also used as structural materials for finely patterned resists or as 
starting materials for the etching masks employed in oxygen plasma etching. 

[0003] Examples of conventional silicone resins that can be used as insulating films, 
passivation films, and the like include the photosensitive heat-resistant materials 
disclosed in JP (Kokai) 60-108839 and the UV-curing resin compositions disclosed in JP 
(Kokai) 55-127023. The first group of materials have excellent heat resistance and 
exhibit good characteristics in peeling tests because they comprise sensitizers, bissilyl 
compounds, and condensates of organo-ladder siloxanes and functional silanes having 
unsaturated groups. The second group of materials exhibit adequate curing 
characteristics in response to ultraviolet light because they comprise organic peroxides 
and organosiloxanes having unsaturated groups. 



[0001] 



[0002] 



[0004| Examples of conventional silicone resins that can be used as finely patterned 
resists include the radiation-sensitive compositions disclosed in JP (Kokai) 61-144639. 
These compositions consist of siloxane oligomers, quinone diamide compounds, and 
phenolic resins, and can therefore be used in multilayer resist processes for creating fine, 
high-precision lithographic patterns on processing boards having surface irregularities. It 
is believed that these compositions allow high-quality two-layer resist patterns to be 
formed. 

[0005] It has been proposed to use these compositions as masks in etching processes in 
which a poly-ladder organosiloxane is used as the intermediate layer of a three-layer 
resist, and the lower resist layer is etched using an oxygen plasma, as described, for 
example, JP (Kokai) 63-16623 or 63-14432. 

[0006] 

[Problems Which the Invention Is Intended to Solve] The conventional silicone resins 
have the following drawbacks, however. 

[0007] The materials disclosed in JP (Kokai) 60-108839 and 55-127023 as silicone 
resins suitable for forming insulating films or the like are characterized in that organic 
groups remain in the side chains of a cured polymer, making it likely that the cured 
materials will pyrolyze during a high-temperature process, generate gases, and thereby 
damage the films. It is thus apparent that these silicone resins are inferior to the inorganic 
S1O2 in terms of heat resistance and thermal stability. 

[0008] The materials disclosed in JP (Kokai) 61-144639 as silicone resins suitable for 
forming finely patterned resists contain phenolic resins or quinone diamide compounds 
other than siloxane oligomers, and inevitably have low silicon content. Films composed 
of such silicone resins are therefore inferior to inorganic SiC>2 films in terms of resistance 
to an oxygen plasma, and are therefore incapable to satisfactorily perform the functions 
required of the upper and intermediate layers of a three-layer resist. 

[0009] As is also disclosed in JP (Kokai) 63-16623 and 63-14432, using a poly-ladder 
organosiloxane cured film as the intermediate layer of a three-layer resist is less desirable 
in terms of plasma resistance than using an intermediate layer composed of an inorganic 
Si0 2 film. 

[0010] The present invention was perfected in view of these drawbacks. Therefore, an 
object of a first invention comprising the present application is to provide a silicone resin 
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that has coating properties and possesses better curing characteristics and post-curing heat 
stability than in the past. An object of a second invention comprising the present 
application is to provide a composition obtained using the silicone resin of the first 
invention and aimed at making this resin even more useful. 

[0011] 

[Means Used to Solve the Above-Mentioned Problems, and Operation of the Invention J 
The inventors conducted extensive research aimed at attaining the object of the first 
invention. As a result, it was suggested that the structure of the silicone resin should be 
ultimately converted to an Si(>2 network configuration expressed by Formula 4 below or 
to a similar configuration following curing or another type of aftertreatment. It was thus 
assumed that a precursor such as that expressed by Formula 4a or 4b below and obtained 
by removing repeating Si-0 units from the structure of Formula 4 could serve as a 
constituent component of the target silicone resin. From the standpoint of obtaining an 
Si0 2 network configuration expressed by Formula 4 or a similar configuration as a result 
of curing or another type of aftertreatment, it would appear ideal to have O-H as the 
groups on the Si of the Si-O chains in the precursor expressed by Formula 4a or 4b, as 
shown by Formula 4c or 4d below. However, a compound expressed by Formula 4c or 
4d cannot always be regarded as suitable because (a) siloxanes are inherently easier to 
produce in stoichiometric amounts than silanols, making it difficult to isolate a precursor 
such as that expressed by Formula 4c or 4d without creating siloxane-induced gelation, 
and (b) a silicone resin must have adequate storage stability and be easy to prepare as a 
coating solution. In view of this, the inventors concluded that the target silicone resin can 
be obtained by employing appropriate protective groups for the partial protection of the 
silanols in the precursors expressed by Formula 4c or 4d. 



[0012] 

[Chemical Formula 3| 




(4) 



[0013] 

[Chemical Formula 4] 




(4a) 



(4b) 



[0014] Consequently, the silicone resin (hereinafter abbreviated as "resin") of the first 
invention is characterized by being composed of a copolymer having at least two types of 
monomer units selected from the monomer units expressed by Formulas 1, 2, and 3 
below. Another distinctive feature of the silicone resin is that it is composed of a 
copolymer whose monomer units are expressed by Formulas a and p below. The R in the 
formula may, for example, be C(CH 3 ) 3 , -C^HsXCFb)?, or another tertiary alkyl group; 
an a-phenethyl or other 1 -alkyl phenethyl group; or a 1,1-dialkyl phenethyl group. The 
silanol content (expressed as OR/(OR + OH) in the copolymer, in mol%) should be 10- 
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90 moI%. The reason is that it is impossible to obtain efficient shrinkage by performing a 
heat treatment if the silanol content is less than 10 mol% and that problems are 
encountered in terms of storage stability if the content exceeds 90 mol%. The exact 
silanol content within the aforementioned range should be established with consideration 
for balance between storage stability and the intended use of the silicone resin. For 
example, the silanol content can be set to a comparatively low level within the range 10- 
90 mol% when the resin is to be used together with an oxygen-producing agent in the 
manner indicated below in connection with the second invention. The copolymer referred 
to in the first invention may be a random, block, or alternating copolymer. 

[0015] 

[Chemical Formula 5] 






(1) 



<2> 



(3) 



[0016] 

[Chemical Formula 6] 



-{-HOSIO^-f- 



Ca) 
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[001 71 According to the structure of the first invention, it is possible to obtain a silicone 
resin composed of a copolymer that has structural moieties in which silanol is partially 
protected as Si-O-R. Because the resin is optimized such that the silanol content thereof 
is 10-90%, a coating solution can be prepared using an appropriate solvent, and a stable 
coating solution can always be provided because of the fact that siloxane production is 
suppressed under ordinary storage conditions. The resin can therefore be applied by spin 
coating or the like to a semiconductor substrate or other component. Examples of 
solvents that can be used in the preparation of coating solutions include 
dimethylformamide, 2-methoxyethyl acetate, methylisobutyl ketone (MIBK), cellosolve 
acetate, methylcellosolve acetate, and dioxane. 

[001 8) In the resin of the present invention, the silanol moiety is condensed by an 
appropriate heat treatment. This is believed to produce an Si0 2 network expressed by 
Formula 4 above or a similar configuration. This arrangement makes it possible to obtain 
a cured product whose structure is nearly identical to the Si02 structure obtained by a heat 
treatment at a relatively low temperature. 

[0019] The silicone resin (copolymer) of the first invention may, for example, be 
obtained by hydrolyzing a monosilane having corresponding protective groups R. For 
example, a silicone resin in which the protective groups R in Formulas 1 and 3 above are 
/-butyl groups can be obtained by hydrolyzing diacetoxydi-/-butoxysilane. The silanol 
content of the silicone resin pertaining to the first invention can be adjusted by varying 
the hydrolysis conditions. 

[0020] The silicone resin composition (hereinafter abbreviated as "composition") of the 
second invention is characterized by containing the silicone resin of the first invention 
and an oxygen-producing agent that decomposes and generates oxygen when exposed to 
radiation. As used herein, "radiation" refers to light, electron beams, X rays, ion beams, 
or the like. 

[0021] According to the structure of the second invention, exposing the entire surface of 
the composition to radiation substantially converts the side chains of the silicone resin to 
silanols because the oxygen-producing agent generates oxygen over the entire 
composition, and this oxygen reacts with the O-R bonds of the silicone resin and releases 
the R groups. It is believed that the silanols are condensed if heat is appropriately applied 
to the composition in this condition, resulting in the formation of an Si0 2 network 
expressed by Formula 4 above or a similar configuration. A cured product whose 
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structure is substantially identical to that of Si0 2 is thereby obtained. The second 
invention is effective for eliminating the R groups, and can thus be expected to bring 
about a more thorough S'xOi conversion than the first invention. 

[0022) Formula 5 below is believed to describe the curing of a composition containing 
an oxygen-producing agent and a silicone resin in which /-butyl groups serve as the 
protective groups R in Formulas 1 and 3 above. 

[0023] 

[Chemical Formula 7J 

l -* i 
H^C — C — CH3 H3C — C=CH2 

<!> OH 
1 l 
— SK> • Sl-O— » 

I CttfttS) iH (») 

H3C-C-CH3 (T) H 3 C-C=CH 2 <2) 
CH 3 CH 3 

Key 1: radiation, 2: heat 

[0024] When the composition of the second invention is exposed to radiation, the 
oxygen-producing agent on the irradiated portion generates oxygen, and this oxygen 
reacts with the O-R bonds of the silicone resin in the irradiated portion and cleaves the 
R groups, forming silanols in this portion. For this reason, the silanols condense in the 
irradiated portion of the composition, creating gelation and making this portion insoluble 
in a developing solution. This composition can therefore be used as a negative resist. 

[0025] In this composition, the irradiated portion of the silicone resin is rendered 
insoluble by the action of a minimal amount of oxygen from the oxygen-producing agent. 
Consequently, the composition has high sensitivity because the exposure employed to 
irradiate the composition is selected such that the desired amount (catalytic amount) of 
oxygen is obtained from the oxygen-producing agent. The action of the oxygen- 
producing agent on the irradiated portion can be enhanced by irradiating the outer film 
formed by the composition and subjecting the resulting sample to a heat treatment. 

[0026] Any conventionally known oxygen-producing agent can be used for the 
composition of the second invention. However, halogenated hydracids are not 
particularly useful because of their weak catalytic action. Examples of suitable agents 
capable of producing oxygen in larger amounts in comparison with halogenated hydracids 



I 

— Si-O— 
I 

O 

— Si-O— 
t 

o 

— SI-O— 
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include onium salts expressed by Formulas la—Ik below, p-toluenesulfonates expressed by 
Formulas Ila-Hc below, trichloromethyl-substituted triazines expressed by Formulas Ilia— 
IHg below, and trichloromethyl-substituted benzenes expressed by Formula IVa or IV b 
below. 
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[0027| 

[Chemical Formula 8) 



t*PF«- (la) 



I* OSOjCFa- Clb) 



^(CH^C-^^-l* OSOjCfV (I c) 



t* BF 4 - CId) 




SbF r CI f > 
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|0028] 

[Chemical Formula 9| 



^^^•S* OSOjCF 3 - ( I g ) 

6 

CHgO-^^-S* OSOjCFj- ( I i ) 

"6 



(13) 




(Ik) 

OCOjqCHjJa 
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[0030| 

(Chemical Formula 1 1 1 



cue 



Y N Y CCU 
CCl 3 



(Ilia) 




Ulle) 



CH, 



a iib) 



ClaC^N^-CCIj 




(Illf) 



OCCH^Hs 



CUC^f^CCfe 



6 



a,c n^ccu. 




OCHa 



CHIc) 



C^C^N^CC^ 



(Hid) 




(Illg) 
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[0031] 

[Chemical Formula 12J 




[0032] The oxygen-producing agents may be commercially available products or agents 
synthesized, for example, by the method developed by J. V. Crivelo et al. (J. Polymer 
ScL, Polymer Chem, Ed, 18, 2677 (1980)) (Ibid, 22, 69 (1984)). 

[0033] The target oxygen effect can be obtained by adding these oxygen-producing 
agents in an amount of 0,01% or greater in relation to the weight of the silicone resin 
used. The amount added should fall within a range of 0.01-50 wt%, and preferably 0.05- 
30 wt%, because an excessively large addition tends to embrittle the coating film formed 
by the composition. 

[0034] 

[Working Examples] Working examples of the first and second inventions will now be 
described. However, the materials used and their amounts, treatment times, treatment 
temperatures, film thicknesses, and other numerically defined conditions cited in this 
specification are merely preferred examples illustrating the scope of the present invention. 
Consequently, the present invention is not limited by these conditions in any way. The 
working examples that follow refer to cases in which the R is Formulas 1, 3, and P above 
is-C(CH 3 ) 3 . 

[0035] 1 . Description of First Invention 
1 - 1 . First Working Example 

The following procedure was adopted in order to synthesize a silicone resin 
composed of a copolymer (single-chain polysiloxane) having a silanol content of 



60 moI% and containing at least two types of monomer units selected from the monomer 
units expressed by Formulas 1,2, and 3 above. 

[00361 Diacetoxy-/-butoxysilane (5.8 g, or 20 mmol) was dissolved in 100 mL 
tetrahydrofuran (THF), and the resulting solution was cooled to 0°C. Triethylamine 
(0.21 g) and water (3.6 mL) were added to the solution. The system was agitated for 
1 hour at room temperature, heated to a temperature of 80°C, and reacted for 12 hours. 
The product was cooled, water (100 mL) was added thereto, and the resulting polymer 
was extracted. The organic layer was dried overnight with magnesium sulfate and filtered 
by being passed through celite. The solvent was distilled off from the filtrate at a reduced 
pressure, the total amount was brought to about 50 mL, and the product was immersed in 
w-hexane. The resulting precipitate was filtered off, yielding a powder (2 g). 

[0037] The powder was subjected to nuclear magnetic resonance (NMR) in heavy DMF 
and was found to have a peak at 5 1 .3 due to /-butyl groups and a peak near 5 4.0 due to 
silanols. The intensity ratio of the two was 40:60. An IR (infrared) spectrum also 
revealed a strong absorption peak based on siloxanes at a wavenumber of 1 150 cm* 1 and 
absorption peaks ascribed to the C-C bonds of the /-butyl groups at wavenumbers of 1360 
and 1390 cm* 1 . Molecular weight measurements by gel permeation chromatography 
(GPC) revealed that Mw = 26,000 and Mw/Mn = 1.8. 

[0038] A 30% (w/v%) dimethylformamide (DMF) solution was then prepared using the 
silicone resin of the first working example. The solution thus prepared was applied by 
spin coating to a silicon wafer, which was then baked for 5 minutes at a temperature of 
1 50°C. An IR spectrum of the film on the baked silicon wafer revealed an absorption 
peak ascribed to siloxane bonds at a wavenumber of 1 100 cm" 1 , and absorption peaks 
ascribed to the C-C bonds of the /-butyl groups at wavenumbers of 1360 and 1390 cm" 1 . 
The results did not contain any absorption peaks based on silanol O-H and normally 
found at a wavenumber of about 3300 cm" 1 . It was also learned that the film was 
completely impervious to nonpolar organic solvents (such as benzene, toluene, and 
monochlorobenzene), polar organic solvents (such as DMF ? alcohol, and 2-methoxyethyl 
acetate), water, hydrochloric acid, or the like. These results indicated that the silicone 
resin had been gelated and partially converted to SiC>2 by heating. Some of the /-butyl 
groups had remained, however. 
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[0039| 1-2. Second Working Example 



The following procedure was adopted in order to synthesize a silicone resin 
composed of a copolymer (single-chain polysiloxane) having a silanol content of 
30 mol% and containing at least two types of monomer units selected from the monomer 
units expressed by Formulas 1, 2, and 3 above. 

[0040 j Diacetoxy-/-butoxysiIane (5.8 g, or 20 mmol) was dissolved in 100 mL THF, and 
the resulting solution was cooled to 0°C. Triethylamine (0.21 g) and water (3.6 mL) were 
added to the solution. The system was agitated for 1 hour at room temperature, heated to 
a temperature of 80°C, and reacted for 6 hours. The product was cooled, water (100 mL) 
was added thereto, and the resulting polymer was extracted. The organic layer was dried 
overnight with magnesium sulfate and filtered by being passed through celite. The 
solvent was distilled off from the filtrate at a reduced pressure, the total amount was 
brought to about 50 mL, and the product was immersed in w-hexane. The resulting 
precipitate was filtered off, yielding a powder (2 g). 

[0041 ] The powder was subjected to NMR in heavy DMF and was found to have a peak 
at 5 1 .3 due to f-butyl groups and a peak near 6 4.0 due to silanols. The intensity ratio of 
the two was 70:30. An IR spectrum also revealed a strong absorption peak based on 
siloxanes at a wavenumber of 1 1 50 cm" 1 and absorption peaks ascribed to the C-C bonds 
of the /-butyl groups at wavenumbers of 1360 and 1390 cm' 1 . Molecular weight 
measurements by GPC revealed that Mw = 12,000 and Mw/Mn = 1.4. 

[0042] 1-3. Third Working Example 

The following procedure was adopted in order to synthesize a silicone resin 
composed of a copolymer (ladder polysiloxane) having a silanol content of 70 mol% and 
containing the monomer units expressed by Formulas a and P above. 

[0043] Tetraacetoxysilane (20 g, or 76 mmol) was dissolved in 100 mL THF, and the 
resulting solution was cooled to 0°C. Potassium /-butoxide (8.5 g, or 76 mmol) dissolved 
in 50 mL THF was added in drops to the resulting solution over a period of 10 minutes. 
The solution was then agitated for 1 hour, removed from a cold bath, and allowed to 
naturally warm up to room temperature. The solution was then heated and refluxed for 
12 hours. The product was cooled and the THF was distilled off at a reduced pressure. 
The product was then dissolved in 300 mL methyl isobutyl ketone (MIBK), triethylamine 
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(2.3 g) was added to the solution, and the system was cooled to 0°C. Water (41 mL) was 
then added in drops to the solution over a period of 30 minutes. The solution was 
agitated for 1 hour, removed from the cold bath, and allowed to naturally warm up to 
room temperature. The solution was then heated and refluxed for 5 hours. The product 
was cooled, water (100 mL) was added thereto, and the resulting polymer was extracted. 
The organic layer was dried overnight with magnesium sulfate and filtered by being 
passed through celite. The solvent was distilled off from the filtrate at a reduced pressure, 
the total amount was brought to about 50 mL, and the product was immersed in w-hexane. 
The resulting precipitate was filtered off, yielding a powder (2 g). 

[0044] The powder was subjected to NMR in heavy DMF and was found to have a peak 
at 5 1.13 due to /-butyl groups and a peak near 5 4.0 due to silanols. The intensity ratio of 
the two was 30:70. An IR spectrum also revealed a strong absorption peak based on 
siloxanes at a wavenumber of 1 150 cm" 1 and absorption peaks ascribed to the C-C bonds 
of the /-butyl groups at wavenumbers of 1360 and 1390 cm" 1 . Molecular weight 
measurements by GPC revealed that Mw = 42,000 and Mw/Mn = 1 .6. 

[0045 J 2. Description of Second Invention 

Described below are working examples of the composition pertaining to the 
second invention and containing a silicone resin and an oxygen-producing agent. 

[0046 J 2-1. Preparation of Composition 

A silicone resin (single-chain polysiloxane with a silanol content of 30 mol%) 
pertaining to the second working example of the first invention, and triphenylsulfonium 
trifluoromethane sulfonate (oxygen-producing agent expressed by Formula Ig above) 
were dissolved in amounts of 1.0 g and 0.10 g, respectively, in isoamyl acetate (solvent), 
yielding the composition (coating solution of the composition) of the working example. 

[0047] 2-2. Description of SiC>2 Conversion 

The coating solution of the composition thus prepared was applied by spin coating 
to a silicon wafer. The silicon wafer was then soft-baked for 1 minute at a temperature of 
60°C with the aid of a hot plate, and a film having a thickness of 0.5 \xm and consisting of 
the composition of the working example was formed on the silicon wafer. The entire 
surface of the film was exposed for 10 seconds to the light of an Xe-Hg lamp (output: 
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500 W) with the aid of an aligner (PLA501, manufactured by Canon). The silicon wafer 
was then baked for 5 minutes at a temperature of 150°C, yielding a cured film. 

[0048J An IR spectrum of the cured film did not reveal any absorption peaks with the 
exception of one ascribed to siloxane bonds and observed at a wavenumber of 1 100 cm* 1 . 
It was also learned that the film was completely impervious to nonpolar organic solvents 
(such as benzene, toluene, and monochlorobenzene), polar organic solvents (such as 
DMF, alcohol, and 2-methoxyethyl acetate), water, hydrochloric acid, or the like. It was 
therefore concluded that the silicone resin had been substantially converted to SiC>2. 

[0049] No cracks at all were found when the silicon wafer having the cured film was 
further baked for 2 hours at a temperature of 500°C. 

[0050] 2-3. Description of Resist Application 

A thermoset resist layer (resist MP 1400-31, manufactured by Shipley) with a 
thickness of 1 jam was formed as a bottom layer on a silicon wafer. The bottom layer was 
then spin-coated with a coating solution of the composition described in Section 2-1, and 
the coating was soft-baked for 1 minute at a temperature of 60°C with the aid of a hot 
plate, whereby a film having a thickness of 0.2 \xm and consisting of the composition of 
the working example was formed on the bottom layer. 

[0051] An appropriate number of evaluation patterns was then plotted on the sample at 
variable exposure by making use of an electron beam plotter (ELS3300, manufactured by 
Elionix) and setting the acceleration voltage to 20 kV. The exposed sample was baked 
for 5 minutes at a temperature of 1 20°C with the aid of a hot plate. The sample was then 
developed for 30 seconds with DMF and rinsed for another 30 seconds with xylene. As a 
result, a resist pattern was obtained by dissolving the film portions unexposed to electron 
beams in the developing solution. Secondary samples for use with a scanning electron 
microscope (SEM) were obtained from the primary sample. The secondary samples were 
examined and found to be able to achieve a resolution corresponding to a 0.5-^m line- 
and-space pattern at a dose of 1 .5 jaC/cm 2 . 

[0052] A bottom layer was also formed on a silicon wafer according to the above- 
described procedure, and a 0.5-|im line-and-space pattern composed of the composition 
of the working example was again formed on the bottom layer. The sample was then 
etched with an oxygen plasma for 20 minutes with the aid of a dry etcher (DEM45 1 , 
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manufactured by Nichiden Anelva) at an oxygen gas flow rate of 50 seem, an RF power 
density of 0. 1 2 W/cm 2 , and a gas pressure of 1 .3 Pa. 

[00531 The plasma-etched sample was observed under an SEM, and it was found that a 
0.5-^im line-and-space pattern with a thickness of about 1.1 [im had been formed in a 
substantially vertical configuration. 

[0054] The description in Section 2-2 reveals that the composition of the second 
invention can form substantially the same films as Si02 films, whereas the description in 
Section 2-3 reveals that the composition of the second invention can be used as a pure 
resist or a resist that doubles as an oxygen plasma etching mask. 

[0055] The silicone resin and composition of the present invention was described above 
with reference to working examples, but the present invention is not limited by these 
examples. 

[0056] For example, the above working example were described with reference to cases 
in which the R's in Formulas 1, 3, and p are /-butyl groups (-C(CH 3 )3). However, the 
working examples have the same effect when the R in Formula 1 is any other type of 
tertiary alkyl group, a 1-alkyl phenethyl group, or a 1,1-dialkyl phenethyl group. 

[0057] In addition, the above working examples have the same effect when suitable 
oxygen-producing agents other than those used in the working examples are employed 
(such as the agents listed elsewhere in the specification). 

[0058] Furthermore, an Xe-Hg lamp and electron beams were used as radiation sources 
for exposing the samples in the above-described working examples of the second 
invention, but these radiation sources are not limiting. 

[0059] 

[Effect of the Invention] As described above, the silicone resin of the first invention can 
be used to form a heat-resistant film (whose structure resembles that of an SiC>2 film) on a 
substrate by employing a coating technique (for example, spin coating) and performing a 
heat treatment at a comparatively low temperature. Consequently, passivation films or 
the like can be formed on semiconductor devices from this silicone resin, making it 
possible to simplify the processes involved in the formation of passivation films. 
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(0060| The composition of the second invention can also be used to form a heat-resistant 
film whose structure resembles that of an Si(>2 film as closely as, or even closer than, in 
the first invention. The composition can also yield a high-resolution resist by being 
selectively exposed to radiation. The composition can therefore yield two-layer resists 
whose resistance to an O2 plasma is higher than that of conventional resists. The 
composition may further be used as the intermediate layer of a three-layer resist. 
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